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INTRODUCTION 


Due to the continuing Increase In fuel prices and 
the uncertainty of future sxq>plles, a widespread Interest 
In the efficiency of ground vehicles has developed. Of 
significant Interest are laiprovenents in the aerodynamic 
efficiency of high volume, ’*box> shaped” transports, such as 
delivery vans, motor homes, and tracks. This is because the 
generally poor aerodynamic shape of these vehicles has so 
much potential for significant improvement in efficiency. 

Prior to the fuel crisis and the rise in fuel prices 
in 1973 very little was done by the manufacturers of grotmd 
vehicles to improve the aerodynamic efficiency. Before that 
time the high aerodynamic drag of box- shaped transports was 
overcome by using more powerful engines resulting in 
increases in fuel consumption. After the fuel crisis 
numerous drag e:q>eriments were conducted on full-scale 
vehicles and wind tunnel models to lapTovB aerodynamic 
efficiency. 

in 1973 the NASA Dryden Flight Research Center (DFRC) 
began full-scale tests on a box-shaped van^. Various 

combinations of rounded and square comers were tested. 

2 

Also tested was a faired and sealed underbody . A 52-percent 
reduction in drag was obtained by rounding the fron t comers 
and a IS-percent reduction in drag was achieved by the 
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addition of a full>langth tmderbody seal to configuration C 
of reference 2. Further ground vehicle experimentation at 
DFRC included add-on drag reduction devices for tractor- 
trailer combination trucks^*^. 

The present study is a continuation of the tests 
conducted on the box-shaped vehicle in 1973. The intent of 
the present experiment is to define a near optimum value of 
drag coefficient for a high volume type of vehicle through 
the use of a boattail, on a vehicle already having rounded 
front comers and an tmderbody seal, or fairing. The results 
of these tests will constitute a baseline for later follov-on 
studies to evaluate candidate methods of obtaining afterbody 
drag coefficients approaching the boattail values, but 
without resorting to such iziq>ractical afterbody extensions. 

The c ur r e nt modifications to the box- shaped vehicle 
consisted of a full and truncated boattail in conjunction 
with the faired and sealed tmderbody. Drag results from 
these configurations are compared with corresponding wind- 
tunnel results of a 1/10 scale model. 

Test velocities ranged up to 96.6 km/h (60 mph) and 
the corresponding Reynolds numbers ranged up to 1.3 x 10^ 
based on the vehicles length which includes the boattail. 

A single coast-down technique was used to define drag. 

TEST VEHICLE 




JThe box-shaped test vehicle used in early ground 

1 2 

vehicle studies at HASA-DFRC ' was obtained by modifying an 


I. 
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ordinary eomercial cab^overoengiae van, figure I. The 
various configurations investigated in this study were once 
again achieved as before by relatively single changes to the 
sheet aetal and subfraoe. The dimensions of the original 
square cornered configuration, as reported in references 1, 

2 and 4, are shown in figure 2. 

The three configurations investigated in this study 
were achieved through the addition of a fnll-boattail and a 
truncated boattail, configurations II and III respectively, 
to the baseline box* shaped vehicle, configuration I. 
Configuration I, idiich had the same overall length , width 
and height as the square cornered vehicle shown in figure 2, 
featured rounded forebo<ty horixontal and vertical comers, 
a faired and sealed underbody and a blmt aft-end, figure 3. 
This configuration was used as a baseline, for the present 
tests, to determine the percent decrease in drag obtained by 
the addition of the full and truncated boattails. Configu- 
ration II consisted of the rounded forebo<fy, the faired and 
sealed underbody and the full boattail, figure 4. The final 
configuration, configuration III, consisted of the truncated 
boattail in conjunction with the sane rounded forebody and 
faired and sealed underbody, figure 5. 

The size and contour of the boattail used in this 
study was determined from someidiat arbitrarily conceived 
full-scale size limitations, full-scale (DFRC) tuft studies, 
and wind-tunnel flow visualization studies on a 1/10 scale 
model (Thiiversity of Kansas, reference 5). The length of 
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the boattail from its base to its apex was, for practical 
considerations, restricted to the width of the test vehicle. 
This length also approximates the equivalent diameter of the 
vehicle, The model flow visualization stixdles using 

tufts and neutrally boi^ant helium bubbles to trace the 
streamlines showed that the arbitrarily derived boattail 
geometry was effective in "closing** the flow to produce a 
relatively small wake. 

The full-scale truncated boattail configuration was 
a direct result of the model flow visualization studies. 

The length of the tzuncated boattail was determined by 

off the portion of the boattail behind the flow 
separation station as defined by the model tuft results. 
Dimensions of the full and truncated boattails are presented 
in figure 6. 

The full-length tmderbody seal on the test vehicle 
was configured so that it faired smoothly into the rounded 
f ro n t lower horizontal surface and the bottom quarter of the 
boattail. Aa. aft facing gap underneath the vehicle permitted 
the cooling air that passed through the engine radiator to 
escape during '*cooling-vent-open" operation. The aft part 
of this gap is shown in the lower left portion of figure 7, 
fimm ill iirrlj below the rear portion of the wheel well. Figure 
8 shows the full-length tmderbody seal as viewed from the 
front. 

The fron t wheel wells were sealed using tape and 
fiberglass cloth iaqnregnated with silicone rubber to allow 
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the front suspension systea to flex. Figure 7 shows the 
right front wheel well seal as viewed from a point slightly 
forward of the right front wheel. 

The rear ^dieel wells were sealed tising sheet metal 
and tape. Vertical slots were provided in the rear tdieel 
seals to allow the rear axle to respond to small road 
discontinuities without damaging the seals. Figure 9 shows 
the right rear ^dieel seal as viewed f r om a point slightly 
forward of the rear axle. 

EXPERIMENTAL CONCEPT 

Newton's second law of motion states that the time 
rate of change of momentum of a body equals the applied 
force. In the case of a decelerating vehicle, the applied 
force is that of aerod 3 mamlc and mechanical drag. Thus, 
since momentum is mass times velocity we have: 

d 

^ { (mass) (velocity) } = Force; 
or 

^ (mv) * F 

i^ere m * mass, and v “ velocity. In the event the mass is 
constant we conclude; 

s laa s p 

for the case of a road vehicle decelerating fr om a high 
speed, the total drag eqtials the mass- times the deceleration. 


i 
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The follofring eqoatlon results for a road vehicle deceler> 
ating &om a high speed. 

ia - -O.SpV^Cjj A - fW (1) 

“a 

The term on the left-hand side of the equation is 
the effective oass tiaes the acceleration. The first term 
on the ri^t-hand side is the aerodynamic drag force, and 
the second term is the mechanical drag force. 

The aerodynamic drag force is assumed to be a 

function of velocity squared, uhere the aerod 3 mamic drag 

coefficient (Cq ) is virtually independent of velocity. The 
“a 

mechanical drag consists of the tractive drag of the tires , 
bearings and seals, the gear resistance of the differential 
and drive train and the thrust due to the rotational inertia 
of the idieels and tires. 

Because the mechanical drag was essentially inde- 
pendent of configuration and becatise of the large ntaaber of 
variables involved, an analytical description of the mechan- 
ical drag is considered to be outside the scope of this 
sto^. Therefore, the variation of tractive drag with 
velocity, with the tires being the major source, was approx- 
imated using Hoemer's equation for rolling resistance^. 

The variation of the tractive drag with velocity as approx- 
imated by Hoemer's equation for rolling resistance was 
extrapolated &rom a nearly "static" level measured value 
of tractive drag. Hoemer's equation for rolling resistance 
coefficient is : 




f - 0.005 + (0.15/V’) + (0.000035 V^/"p'') (2) 


^ere p • tire pressiire (psi) , and V ■ velocity (mph) . 

Hoexner's rolling resistance is approximately 
proportional to the load under which the wheels are moving. 

The rolling resistance coefficient is primarily dependent 
T^on the ixiflation i^ressure ”p'% and to a minor extent upon 
the velocity of the vehicle. The rolling resistance of the 
tires is not independent of velocity and to assume such can 
cause major errors in the determination of aerodynamic drag 
from coast-down tests. 

The second part of the mechanical "drag” is due to 
the rotational kinetic energy of the tires and wheels. The 
thrust due to the rotational inertia of the tires and wheels 
is taken into account in the correction of the vehicle's 
mass. The effective mass of the vehicle is then m, where 
m » m + &m and Am is the correction for rotational inertia. 

For this analysis the Am value used to account for the 
rotational inertia, as determined from torsional pendulum 
tests of the tires and idieels, is 2.4-percent of the vehicle's 
mass or m « 1.024 times the actual mass, m. 

DA1A SEDUCTION 



In this analysis of coast-down data, an analytical 
model was used to separate the mechanical drag f rom the 
aerodynamic drag. Because of the nature of the data obtained 
f rom the coast-down tests, a relationship e:q)ressing velocity 




as a function of time was needed to determine the aerodynamic 
drag contribution of the total drag. To obtain this rela- 
tionship, equation 1 was integrated with respect to time 
after the inclusion of Hoemer's semiempirical eqtiation for 
rolling resistance. -The result of this integration is: 

V(t) - (B//BA) tan(tan"^ Vo(/BA/B)-^(t)) (3) 

where; A « (0.5pC-> A)/m + 0. 000035 (W/^) 

^a 

B - 0.005 + (0.15/p) 

(see appendix A for the conq>lete integration process) . 

To analyze the coast-down data a computer program 
was written to determine the aerod 3 mamic drag and the aero- 
dynamic drag coefficients. This program (VEHICLE) utilized 
a subroutine (ZXSSQ) from the International Math and 
Statistics Library. The subroutine ZXSSQ solves nonlinear 
least squares problems using a modified finite difference, 
Levenberg-Marquardt algorithm. This modification eliminates 
the need for explicit derivatives. The purpose of ZXSSQ was 
to find the twfTt-fiwim of the stan of squares of M functions in 
N variables using the velocity-time data obtained fr<xn the 
coast-down tests as residuals in equation 3. See appendix 
B for a listing of the program VEHICLE - 

In this analysis, the mechanical (tractive) drag 
was extrapolated from an experimentally meastxred value 
obtained at very low velocities, tdiere the aerodynamic drag 
and the inertial thrust effects cotxld be neglected. The 
aerodynamic drag on the other hand was an unknown and 
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therefore the aerodyneiBie drag coefficient (Cp ) was written 

a. 

into equation 3 and the conputer program as a variable, X(l). 
FronL-the input residuals (velocity-time data), the aero- 
dynamic drag coefficients and the aerodynamic drag at the 
corresponding velocity intervals were determined. Methods 
of analyzing coast-down data which have been used by other 
investigators are presented in references 7 to 10. 

COiAST-DOWN METHOD 

Coast-down tests are used to experimentally determine 
the rolling resistance and the aerodynamic drag of road 
vehicles. This technique has been demonstrated to be a 
practdcal method for obtaining high quality drag data for 
road vehicles undo: a simulation of actual operating 
conditions, provided that sufficient care is taken in the 
details of the test technique. This technique is attractive 
because of its simplicity and low cost. It also permits 
data to be obtained at any desired velocity range and in 
both directions on the test sinrface. 

The coast-down technique consists of accelerating 
the vehicle to a few miles-per-hour above the starting 
velocity of each test wfaeretq>on the manual transmission is 
disengaged to allow the vehicle to decelerate in neutral. 

The time it takes for the vehicle to slow to given velocities 
is then recorded and used to calculate the vehicle drag. The 
vehicle was weighed, with occtqpants, before and after each 
series of tests to provide the proper mass for computing 
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drag (a "series of tests" is meant herein to refer to the 
test runs acconqtlished during a given day) . 

The mechanical drag of the test vehicle was measxired 
experimental ly at very low velocities after each series of 
tests. This was done by slowly towing the vehicle over a 
level surface using a hand held spring scale. The measured 
force was then used as an endpoint in the extrapolation of 
Hoemer's rolling resistance equation. This extrapolation 
was asstased to account for the entire mechanical resistance 

of the test vehicle while decelerating in neutral. The ^ 

I 

vehicle began each day of testing with a tire pressure of 
2.48 X 10^ pascals (36 Ib/in^). Figure 10 shows the final 
approximation of mechanical drag as a function of velocity. 

All of the drag data for the box-shaped vehicle were j; 

r 

obtained during cooling-vent-closed operation. This was I 

done so that the effect of the cooling drag could be elimi- 
nated durii% each coast-down run. The cooling vent was J 

opened between runs and during vehicle acceleration so that 
overheating of the engine would not occur. A portion of the 
cooling vent door may be seen at the ext re m e fro nt of the 
vehicle in figure 5 whereas, in contrast, the vent was closed 
in figure 3. 

The final drag results for the full and truncated 
boattail configurations were obtained by subtracting the 
incremental drag of the fifth-wheel and the fifth-idieel 
support system (figure 11) from the measured overall drag 
values containing the "side-mounting" drag increment. The 

i 
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blunt aft>end, baseline configuration was used to detemine 
this increment as it had a fifth-wheel mount located on the 
blunt aft^end of the vehicle (figure 12) , which was not 
usable in the full and truncated boattail configurations. 

The incremental drag of the "side-mounted** fifth-wheel and 
siq»port system was deteredned by subtracting the coast-down 
results obtained with the trailing fifth-wheel, on config- 
uration I, f r o m the "side-mounted** coast-down results, also 
obtained f rom configuration I. Figure 13 shows these data 
over the range of test velocities. 

All of the drag data for the box- shaped vehicle were 
obtained using the coast-down technique. The deceleration 
of the vehicle was meastired tislng a bank of five 0.1-second 
stopwatches and a calibrated, fifth-wheel driven, precision 
speedometer which provided. a 0.1-mile per hour readout 
capability. 


IHSTBIJMEIITATION 

A fifth-idieel was used in this study to accurately 
measure the velocity of the box-shaped test vehicle. In 
use, the fifth-wheel trails the test vehicle and continues 
to rotate, or measure speed and/or distance, while the 
vehicle is in motion. 

The fifth-\dieel system transmits miles-per-hour 
and/or trip mileage by cables to digital readout speedometer 
and odometer units located inside the test vehicle. The 
flfth-idieel system operates by sending ptilse counts based 



on the rotation of the wheel to these instrunent units. 

The instruoents operate from a 12-voIt negative ground 
battery system which lean hither be the vehicle’s battery or 
a secondary battery. When properly calibrated, a fifth-wheel 
will accurately measure velocity and/or distance. 

Calibration of the fifth-wheel is achieved by vasTing 
the tire pressure. Reducing the tire pressure increases the 
indicated speed and distance and increasing the pressure will 
reduce the indicated speed and distance. When properly 
calibrated, the sysrem accuracy is within 0.1-percent of the 
total distance (maximum variation of 5 feet in one mile) . 
Calibratiem of distance automatically calibrates the velocity 
doe to the crystal controlled clock. The crystal controlled 
clock is accurate within 0.02-percent, thus providing 
accurate measurements of velocity. Speed readouts are within 
-0.5 iq>h of the true vehicle speed at speeds from 0 to 
150 HQ>h. 

The calibration of the fifth-wheel was accon^lished 
on the auxiliary runway used in the coast-down tests. An 
accurately laid out distance course was measured for cali- 
bration purposes. The calibration of the fifth-wheel was 
coi^leted using a trial and error method. The fifth-wheel 
tire pressure was varied depending on the distance measure- 
ment at the end of each calibration run. The resulting cold 
tire pressure was 36 psl. The fifth-wheel distance cali- 
bration was periodically checked after coast-down runs and 
was determined to be within - 0.05-percent of the actual 
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distance variation of 1 foot in 2000 feet) . 

The Increaenta corresponding to preselected 

velocity intervals v^e m xxsing a bank of five 0.1- 

second stopwatches. The tine increments corresponding to 
preselected velocity intervals in miles-per-hour (i.e., 60 
to 55, 55 to 50, 50 to 45, 45 to 40, and 40 to 35) were, 
obtained by starting all the stopwatches simultaneously at 
the starting velocity and stopping them individually at the 
end of each preselected velocity interval. The stopwatch 
data were then hand recorded at the end of each test run. 
Figure 14 shows the layout of the instrumentation in the 
vehicle. 

TEST COHDITIONS 

All of the coast-down tests were made on an auxiliary 
runway at Edwards Air Force Base. CA. This runway had an 
exc^tionally smooth asphalt surface and a constant elevation 
gradient of 0.08-percent. The gradient effects on the 
deceleration were small and were essentially eliminated by 
the averaging of successive runs in opposite directions. 

The averaging of successive runs in opposite directions also 
accounted for head or tall wind effects provided wind con- 
ditions remained constant over the duration of both runs. 

It should be emphasized, ho%iever, that test runs were made 
early in the day when it was quite calm whic*h virtually 
eliminated wind effects on the vast majority of test rxms. 

Wind velocity and direction, ambient pressure and 
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temperature vere recorded every 15 ainntes at the Edwards 
Air Force Base weather station during each day's series of 
tests so that the .air . density ..could be calculated and 
general atmospheric factors could be taken into account. 

The test vehicle was driven to and fr w n the auxiliary runway, 
a distance of app r oxi mately 15.3 kilametefs (9.5 miles). 

This provided a pretest warm-up tdiich also brought the 
temperature of the oil in the differential up to an essen- 
tially stea^-state level, thus minimizing the variation of 
this effect from test-run to test-run. 

BZSULTS AHD DISCUSSIOB 
Flow Visualization 

Tuft patterns for the full boattail config\iration 
(configuration II) at a speed of 116.7 km/h (72.5 mph) are 
shown in figures 15 and 16. Both figures show that the flow 
separates at or just slightly aft of the horizontal and 
vertical tape lines nearest the apex of the boattail. Figure 
15 clearly sho%rs that the flow remains attached over the 
bott<m quarter of the boattail up to this tape line. The 
achievement of attached flow over the bottom surface of the 
boattail was considered to be an iiaportant factor relative 
to the overall objectives of this experiment, i.e., deter- 
mining a near optimum level of drag for a high voltane 
transport type of vehicle through the use of a boattail. 

Tuft patterns for the truncated boattail 
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configuration (configuration III) at a speed of 107.8 ka/h 
(67 oph) are shown in figures 17 and 18. Figure 17 clearly 
shows the attached flow.over the top, the bottom and the 
left side of the truncated boattail. The dangling white 
tufts in figure 17 show the stagnant conditions that one 
would e:q>eet on a blunt base moving perpendicular to the 
airflow. Figure 18 shows a more comprehensive view of the 
attached airflow over the wetted surfaces of the vehicle 
and the stagnant conditions over the base of the truncated 
boattail. 

Aerodynamic Drag 

The aerodynamic drag is presented in figure 19 for 
each configuration as a function of velocity. The curve for 
each configuration is a fairing of the coast-down results 
using a least squares polynomial regression analysis. The 
curves for all three configurations are presented for 
conq>arlson purposes on the conq>osite plot in figure 20. 

Aerodynamic drag coefficients for each configuration 
as obtained from the present full-scale tests (DFSC) and 
corresponding wind-tunnel tests (KU) are summarized in 
Table I. The full-scale configuration results are for 
vehicle speeds of 96.6 km/h (60 mph) and 80.5 km/h (50 oq)h) , 
\dilch for the ptnrposes of this report are considered to be 
'*highway speeds.” All of these daita are for the cooling vent 
closed condition so that a more meaningful comparison can be 
made with the wind-tunnel model results. 
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The percentage reduction in drag coefficient for 
both the full-scale tests and the corresponding wind-tunnel 
tests vas obtained by dividing the incremental drag coeffi- 
cient by the appropriate baseline value. The percentage 
difference between the wind-tunnel drag coefficient and the 
full-scale average drag coefficient for each configuration 
was obtained by dividing their difference by the full-scale 
average value. 

The results given in the table indicate that an 
average 32-percent reduction in aerodynamic drag was attained 
with the addition of the full boattail to the bluat aft-end, 
baseline configuration at vehicle speeds from 80.5 km/h 
(50 aqih) to 96,6 km/h (60 s^h), i.e., highw^ speeds. The 
corresponding wind-tunnel results indicated that a 37-percent 
redxiction in aerodTnamic drag vas attained on the 1/10 scale 
model at a Reynolds ntimber of 2.7 x 10^. The table also 
indicates that an average reduction of 31-percent in aero- 
dynamic drag ^s attained with the truncated boattail on the 
full-scale vehicle over the same range of highway speeds 
while corresponding wind-tinmel results showed a 38-percent 
reduction in aerodynamic drag. The incresiental drag 
coefficient of the side-mounted fifth-tdieel and the fifth- 

wheel siq>port system was determined to be 0.030 (AC^ ” 0.030) 

^a 

at a vehicle speed of 96.6 km/h (60 mph) . 

The relatively small difference between configurations 
II and III (for 7 « 96.6 km/h (60 mph)) indicates that the 
boattail was cut in approximately the right place. This small 
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drag incrcaent, approziaately 3.8-pereent at this velocity, 
shows that it is possible to ellsdnate the additional length 
and ineffectual voliaiie of J^e boattail apex while retaining 
aloiost all of the aerodynaodc effectiveness of the complete 
boattail. At a speed of 80.5 ksi/h (50 mph) or lower, the 
dr^ coefficients of configurations XI and III are essen- 
tially the sane, thus establishing the truncated boattail 
as, overall, the nost efficient of the two on the basis of 
aerodynasElc dr^ and useful volume. 

The drag reductions provided by the boattails in the 
present experiawit and in reference 5 are very significant, 
but they should be interpreted with caution. As was men- 
tioned on 14, **the achievement of attached flow over 

tile bottom surface of the boattail was considered to be an 
i^Kirtant factor relative to the overall objectives of this 
eiqieriamnt, i.e. , determining a near optimum level of drag 
for a high volume transport type vehicle through the use of 
a boattail.'* That is to say, it is necessary to provide 
attached flow iqistream of all boattail surfaces in order to 
maximiza the reduction in afterbody drag. Thus, the rounded 
forebo^ comers and the smooth, seailed underbody of the 
baseline vehicle, configuration I, provided a near ideal 
candidate vehicle for demonstrating good boattail performance 
The reader is hereby forewarned that the addition of a boat- 
tail to a configuration having separated flow, or perhaps 
e ve n relatively low energy flow, over one or more upstream 
surfaces may result in significantly smaller drag reductions 



18 


than denonatrated haraln or in reference 5 (see references 
II and 12 for ezanq>les). 

It is also Interesting ta note that although the 

aerodynamic drag coefficient (Cq ) was assizned to he con> 

"a 

stant with velocity in this analysis, in actuality it was 
found to vary with vehicle velocity. The variation of 
aerodynamic drag coefficient with vdiicle velocity for all 
configurations is shown in figure 21. This figure shows 
that the aerodynamic drag coefficient decreases with 
increasing vehicle velocity. This decrease is due to the 
higher energy of the flow and the delay in separation over 
the aft-end of the vehicle. 

CONCLDDING SEHABKS 

The effectiveness of the full boattail in delaying 
flow separation over the aft-end of the vehicle (reducing 
the size of the wake) is apparent in the average 32-percent 
reduction in aerodynamic drag as conq>ared to the baseline 
drag at highway speeds. The relative effectiveness of the 
truncated boattail is similarly apparent in the average 
31-percent reduction in aero^mamic drag as compared to the 
baseline configuration. 

The small drag increase, approximately 3.8-percent 
at 96.6 km/h (60 mph), idiich occurred when the boattail was 
truncated Indicates that the boattail was cut in approxi- 
mately the right place. This relatively small increase in 


i 
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drag shofws that it Is possible to eliminate the additional 
length and Ineffectual vol^^ of the boattail apex ufalle 
retaining almost of :ierroajnsmir. of the 

full boattail. The drag coefficients of the full and trun- 
cated boattails are essentially the same for speeds of 80.5 
km/h (50 mph) and lower. Thus the truncated boattail is th e 
more efficient of the two, overall, on the basis of aero- 
dynamic drag and useful volume. 

The aeroi^noamic drag coefficients and the percentage 

reduction in drag obtained by the addition of the full and 

truncated boattails to the baseline configuration in tt's 

study were obtained using an approximation for rolling 

resistance. & ?wev c r, it is felt that future work in the 

area of coast-down analysis should be conducted where both 

the aerodynamic drag coefficient (C^ ) and the rolling 

“a 

resistance coefficient (f) are treated as variables. This 
will provide a greater accuracy in the determination of 
precise values of for a specific configtnration. 
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Figure 3. Configuration I, V * 0 (engine cooling door closed) . 
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Figure >4. Configuration II, vehicle in iDotian. 
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Figure 5. Configuratioa m, V » 0 (engine cooling door open) . 
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Figure 7. 


Figure 8. 



Figure 9. 
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Big^ fcoDC wheel well seal as vieued fron slig^itly 
ahead of wheel statlaa. 
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Sealed isiderbcxfy as viewed fron the front 
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Si^ rear \dieel well seal as viewed &am slightly 
ahead of axle. 
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Figure 11. Fiftit-vheel and flfth-^tdieel s u p p or c system, 
"side aamfing" (omfiguration I) . 
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Figure 12. Fifth-wheel in aft mountizig or trailing location 
(configuration I). 
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Figure 15. Tuft patterns for full boatcail, configuration II. 
V = 116.7 knj/h (72.5 mph). 
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Figure 16. Hift patterns for full boattail, configuration. II, 
V = 116.7 lan/h (72.5 nph) . 
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Figure 17. Tuft patterns for truncated boattaii, configuration III, 
V = 107. S km/h (67 aph) (note "darkling" ^iiite tufts 
over base region) . 
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Figure 18. lUft patterns for truncated boattaii, co nf iguration IH, 
V = 107-8 kn/h (67 nph) (note ’’dangling" \diite tufts 
over base r^cn). 
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Figure 21. Aerodynamic drag bdti|flclent variation with 
vehicle velocity fbt all configurations. 






Table I. Goqparlson of teats run at the Dryden Fligjht Research Center and the Uhlverslty of Kansas. 


Configuration 

Cjj , EFRC 
a 

R- 1.3x10^ 

R - 2.7 X 10^ 

Cq , reduction, 
percent 

EFRC,avg. KU 

EFRC, avg. 
percent 

DFRC 

KU 

80.5 kn/h 
(SOnph) 

%.6 kn/h 
(60 nph) 

average 

EFRC 

avg. 

KU 

I 

4 

14 

0.455 

0.435 

0.445 

*(0,426) *0.449 
(0.436) 0,459 

- 

- 

-0.9 

-3.1 

II 

16 . 

0.315 

0.288 

0.302 

*(0.270) *0.284 

32 

37 

6.0 

III 

17 

0.314 

0.299 

0.307 

*(0.265) *0.279 

31 

38 

9.1 


EFRC ■ Full- scale tests, Dryden Flight Research Center. 


KU - One- tenth scale tests, Uhlverslty of Kansas from reference 5. 

( ) ■• values based on reference area A' , as In reference 5 . 

^ - those drag coeff Iolanta are for configurations without towing hitch, refertnce 5 
(note, full-scale vehicle had towing hitch), 
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APPENDIX A 


INTE6RAII0H PROCESS 

F - na - -O.SpV^Cn A - fW 

"a 

f « 0.005 + (0.15/p) + (0.000035 V^/p) 

F - ma - -O.SpV^Cjj A - (0.005+(0.15/p)+(0.00C035 V^/p))W 

a - -(0.5pV^Cn A)/i - (0.005+(0.15/p)+(0. 000035 V^/p))(W/m) 
a 

a - -(0.5pV^Cjj A)/m - 0.000035(V^/pm)-(0.005+(0,15/p)) (W/m) 


a « -((0.5 pCq A)/m + 0.000035 W/m)V^ - (0.005+(0.15/p)) (W/m) 
"a 

Let A - ((O.SpCjj A)/m + 0.000035 W/m) 

a 

B - (0.005 + (0.15/p)) 
a - ^ - -AV^ - B 


- dt 


dV__ 
AV^ + B 


Integration Foxmola 


dx 

a + lir^ 
d7__ 
AV^ + B 


l//aF tan”^ x/IOb/a 
1//BA tan"^ V/bA/B 


-ac * n- 

B + AV^ 

-t + to » 1//BA tan"^ V^A/B - 1//BA tan"^ Vo/BA/B 
-t/BA - tan"^ V/BA/B - tan"^ Vo/BA/B 
tan“^ T/BA/B - tan”^ Vo/BA/B - /BA (t) 
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APPEHDIX A (continued) 

V/BA/B - tan (tan"^ Vo/BA/B ~ /BA (t)) 

V(t) - (B/^) tan (tan"^ Vo^'BA/B - /H (t)) 

Where A - ((O.SpCp A)/n + 0.000035 W/m) 

& 

B - (0.005 + (0.15/p)) 


Equation 3 
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APPENDIX B 


COMPUTER PROGRAM VEHICLE 


00100 nMOIMf VBfICLEaNPUT»0tfTnfTrTAPe5«IIIPUT.TAPE6«0tlTniT} 

00110 EXTEIMAL PUNC 

00120 INTaER H»NtIXJACtNS16rKAXFNrlOPTrIrIi^ERrIER 

00130 SEAL PAimf4),X(2)»F(S01»XJAC(50t2)»XJTJ(1300)fW0SK(1700)fEPSr 

00140* 0B.TA*88a»XJTJtY(50) rU(SO) rAOr APrEUrVOrUrGlSOI 

OOlSO C0(MW/ZSa/Y.Ur6>A0tEH»AFrV0/HfP>J 

OOIBO L*5 

00170 N«1 

00180 M«1 

ooiao Nsie-4 

00»N> IXJAC-90 

00210 EF8«0.0 

00220 lELTA^.O 

00230 MAXPINSOO 

00240 I0PT«1 

00250 X<1)«.5 

002f0 SEA5(5>«)IrJ 

00270 SGIt{5t*}EH»M)tAF»U»V0»P 

00280 ilinE(6>S0}eM»IrJ 

00290 50 n»HAT{/»SX» -EFFECTIVE HASS *-,F10.4,15X,*RUM %I2,“-’.I2) 

00300 HRnE(8rS5)M> 

00310 59 F0SlfAT(/r9X»*AIS DEMSITY s-,F10.8) 

00320 HRITCfS.WfAF 

00330 80 FOSHATf/rSX* -FRONTAL AREA *-,F10.4) 

00340 HRlTEC6.e5)M 

00350 65 nMmATf/r5Xr -HEIGHT *-.F10.4) 

00360 HRITE{6.70)V0 

00370 70 rOW I A TI/r5X> -INITIAL VB.OCITY «-.F10.4) 

00380 NRITE<8»73}F 

00390 73 rO BW A TC/>5X> -EXTRAPOLATED TIRE PRESSURE «*.F10.4} 

00400 I«1 

00410 90 SEA0(5r«)U<I>rY(I) 

00420 J«I 
00430 HR1TE(8»75) 

00440 75 F0RIIAT(//r9X* -TINE- »9Xr -VELOCITY*) 

00450 HR1TE<6.80} 

00460 80 F0SWATC5X> > / ) 

00470 MirrCf6»85)Ua)*Y(I) 

00480 85 FmmAT<9X*F10.4,9XrF10.4} 

00480 CALL 2X88aCFUNC>H»N>NSI6»EFSr0ELTArHAXFNrI0PTrPMm»X/SS8TFr 
00900* )MAC* IXJACrXJTJ.HOREr INFER. lER) 

00910 0*.5MF«M»»X(l)*(Yn)M2) 

00920 HRITEC6.95)X(1).0 

00530 95 FaRMATI//.9X. -COEFFICIENT OF DRAG «*. 

00940* F10.6) 


FlO.GrSX. -AERO DRAG « 
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